Overview of Halo thruster research and development activities by Lucca Fabris, Andrea et al.
SP2018_00125 
1 
 
 
OVERVIEW OF HALO THRUSTER RESEARCH AND DEVELOPMENT ACTIVITIES 
 
 
SPACE PROPULSION 2018  
BARCELO RENACIMIENTO HOTEL, SEVILLE, SPAIN / 14–18 MAY 2018 
 
A. Lucca Fabris (1), T. Wantock (2), A. Gurciullo(3), R. Moloney(4), A. Knoll (5), T. Potterton (6), P. Bianco (7) 
 
(1) University of Surrey, Guildford, GU2 7XH, United Kingdom, Email: a.luccafabris@surrey.ac.uk 
(2) University of Surrey, Guildford, GU2 7XH, United Kingdom, Email: t.wantock@surrey.ac.uk 
(3) University of Surrey, Guildford, GU2 7XH, United Kingdom, Email: a.gurciullo@surrey.ac.uk 
(4) University of Surrey, Guildford, GU2 7XH, United Kingdom, Email: r.moloney@surrey.ac.uk 
(5) Imperial College London, London, SW7 2AZ, United Kingdom, Email: a.knoll@imperial.ac.uk 
(6) Surrey Satellite Technology Ltd, Guildford, United Kingdom, Email: t.potterton@sstl.co.uk 
 (7) Airbus Defence and Space, Portsmouth, United Kingdom, Email: paolo.bianco@airbus.com 
 
 
KEYWORDS: electric propulsion, Halo thruster, 
low-power plasma propulsion 
ABSTRACT: 
The Halo thruster is a low-power plasma propulsion 
concept, currently under investigation and 
development within the Surrey Space Centre at the 
University of Surrey in collaboration with Surrey 
Satellite Technology Ltd, Airbus DS and Imperial 
College London. The device is based on the 
electrostatic acceleration of propellant ions 
produced in a DC-powered magnetized plasma 
discharge characterized by a closed-loop electron 
drift sustained by the combination of electric and 
magnetic fields. Current research and development 
activities include: (i) experimental testing of different 
laboratory models to optimize the thruster 
performance in the 100 – 200 W power range; (ii) 
detailed plasma measurements to determine the 
underlying plasma physics; (iii) implementation of a 
plasma model for hollow cathode design; (iv) design 
and manufacturing of an optimized Halo thruster 
Engineering Model, including a tailored hollow 
cathode.  
This paper presents an overview of the 
aforementioned activities. 
1.    INTRODUCTION 
The Halo thruster concept was conceived in 2010 
within the Surrey Space Centre (SSC) at the 
University of Surrey as a novel solution to address 
the industry need for low cost, low power, electric 
propulsion (EP) systems for small satellites. In 
recent decades, the use of EP systems, such as 
Hall Effect Thrusters (HET) and Gridded Ion 
Engines (GIE), has steadily grown for satellite 
applications, particularly in communication 
satellites, for station keeping and orbit insertion in 
Geosynchronous Earth Orbit (GEO), and Low Earth 
Orbit (LEO) missions [1, 2]. However, at low power, 
the efficiency of these systems is significantly 
reduced; for example, when scaled to lower power 
and smaller channel size, issues arise in HET 
systems resulting from the necessity for higher 
magnetic fields to overcome greater losses to the 
thruster walls, as the ratio of surface area to plasma 
volume increases [3, 4]. 
This has led to the development of a variety of 
concepts derived from the HET design such as the 
introduction of cusped magnetic structures to 
reduce wall losses by establishing electron 
magnetic confinement, thus promoting increased 
ionization efficiency at low powers. An axial electric 
field is established as a result of the electron 
confinement. The ions produced by electron-impact 
collisions are accelerated by this field and exit the 
thruster with a large component of axial velocity. 
Devices that employ this cusped magnetic structure 
solution include Cylindrical Hall thrusters (CHT) [4, 
5], the High Efficiency Multistage Plasma thruster 
(HEMPT) [6, 7, 8], and Cusped Field thrusters (CFT) 
[9, 10, 11].  
Research and development of the Halo thruster has 
been ongoing at the Surrey Space Centre since its 
proposal, with multiple proof-of-concept models 
employing different magnetic systems (permanent 
magnets and electromagnets), various sized 
diameter discharge channels (30 and 50 mm), and 
tested with different propellants (xenon and 
krypton). The magnetic circuit is arranged in such a 
way that two regions of exact magnetic field 
cancellation occur within the discharge channel: a 
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point in proximity of the channel exit and an annulus 
in front of the anode, which gives the thruster its 
name “halo”. These magnetic null regions are 
bounded by cusp structures and are separated in 
the discharge channel by a strong radial magnetic 
field [12, 13]. 
 
Figure 1. Permanent magnets Halo thruster 
schematic, with simulated axisymmetric magnetic 
field lines. Regions of magnetic field cancellation 
are denoted by X's, the anode is shown in blue, 
and the channel walls are shown in light grey. 
The Halo thruster magnetic field structure was 
designed to include these cusped features to 
produce an EP thruster with enhanced electron 
confinement and improved thrust efficiency that 
could operate at the lower power levels required for 
small satellite applications. The original Halo 
thruster concept was based on a permanent 
magnets design, with later prototypes employing 
electromagnets to investigate the effect of the 
magnetic field intensity on the performance and 
behaviour of the thruster. The permanent magnets 
(PM) Halo thruster utilizes two concentric 
permanent magnets to produce the peculiar 
magnetic field topology, as illustrated in Fig. 1, 
featuring an additional toroidal cusped layer near 
the anode. The electromagnets (EM) Halo thruster 
produces a similar magnetic structure, although 
without this additional cusped layer, as shown in 
Fig. 2 [12, 13]. 
This paper presents an overview of the research 
and development activities performed on a variety 
of Halo thruster prototypes that have resulted in an 
extended experimental data collection which will 
inform the design of an optimized 200 W 
Engineering Model, with the aim of progressing the 
technology readiness level (TRL) of the propulsion 
system. The design and magnetic field configuration 
of the laboratory variants of the Halo thruster are 
described. The experimental apparatus used to 
evaluate the performance, consisting of a 
pendulum-type thrust balance and vacuum 
chamber, are detailed. The measurements of 
thruster performance, collected at the SSC and the 
University of Southampton, and supporting 
Langmuir probe data, are presented and discussed. 
Additional ongoing activities comprise the 
implementation of a plasma model for simulating 
hollow cathodes and its application to the sizing of 
a neutralizer tailored to this thruster class. 
2.    HALO THRUSTER DEVELOPMENT MODELS 
2.1. Electromagnets Halo Thrusters 
Fig. 2 displays a typical section view of an 
Electromagnets (EM) Halo thruster laboratory 
model, with a schematic of the magnetic field 
overlaid to show the positions of the magnetic field 
features relative to the thruster components. Two 
EM Halo models have been produced, with 30 mm 
(EM30) and 50 mm (EM50) discharge channel 
diameter, respectively.  
 
Figure 2. Electromagnets Halo thruster schematic, 
with simulated axisymmetric magnetic field lines. 
Regions of magnetic field cancellation are denoted 
by X's, the anode is shown in blue, and the 
channel walls are shown in light grey. 
The models were designed with ease of assembly 
in mind - the construction is very simple, with a 
central anode/ceramic channel subassembly 
surrounded by independently-powered “pancake” 
electromagnets and magnetic circuit components of 
equal diameters. Between the four electromagnets 
are discs of ferromagnetic steel or iron which act as 
parts in the magnetic circuit. The resulting magnetic 
topology is shown in Fig. 3. The discharge channel 
is constructed from one piece of Boron Nitride with 
an inner diameter of 30 or 50 mm in the two different 
models. The stainless steel anode presents ten 
holes located in the top surface or in the outer lateral 
surface to distribute propellant evenly around the 
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discharge channel. The characterization tests 
described in this paper have been performed by 
coupling the thruster with a SSTL Hollow Cathode 
Neutralizer (HCN) mounted downstream the exit 
plane of the thruster with the axis perpendicular to 
the thruster axis. The thruster electrical common 
(i.e. connection between cathode return and 
negative pole of the anode power supply) was kept 
in a floating configuration, i.e. disconnected from the 
facility ground.  
 
Figure 3. Magnetic field map of the 50 mm 
diameter electromagnets Halo thruster. 
2.2. Hollow Cathode Development 
The Halo thruster development program includes 
the development of a thermionic emission HCN 
optimized for a 200 W thruster. 
A numerical model has been implemented to 
simulate the HCN plasma physics and to tailor the 
HCN design to this class of thrusters. The hollow 
cathode is modelled by dividing the inner volume in 
two regions, the insert region and the orifice region. 
In each region, the plasma properties are calculated 
by solving the conservation equations for mass, 
current and energy. Each plasma property, such as 
electron temperature and plasma density, is 
assumed spatially constant in the volume regions 
(zero dimensionality). Extensive prior literature 
studies [1, 14, 15, 16] demonstrate that results of 0-
D models are in acceptable agreement with 
experiments. The code accepts initial guesses of 
the insert and orifice regions electron temperature 
and plasma density, and temperatures of the 
thermionic insert and orifice walls. These values are 
updated during the numerical iterations by solving 
the aforementioned conservation equations. The 
geometrical inputs are the diameter and length of 
the insert and diameter and length of the orifice. A 
schematic of the modelled regions is shown in Fig. 
4. A double sheath layer is assumed at the interface 
between the insert and orifice volumes. 
 
Figure 4. Main regions simulated in the hollow 
cathode model: insert region (diameter dE, length 
LE) and orifice region (diameter dO, length LO). 
Fig. 5 and 6 report examples of outputs of the 
modelling. Fig. 5 illustrates the power distribution for 
different test cases with different insert diameter. 
For these test cases, the highest fraction of power 
is spent at the insert sheath. In other test cases 
presenting a smaller orifice diameter (not shown in 
this paper), the highest fraction of power is 
deposited in the orifice region. Predicted discharge 
voltage as a function of the input mass flow for a 1.5 
A discharge current test case is shown in Fig. 6.  
Figure 5. Example of power consumption 
distribution for different insert geometries. 
 
Figure 6. Discharge voltage versus mass flow rate 
profile for a simulated test case. 
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An optimization exercise has been performed by 
running multiple simulations to determine the effect 
of all the critical parameters on the HCN 
performance. The resulting geometry constitutes 
the basis of the new HCN tailored on a 200 W 
thruster. The mechanical and thermal design, along 
with the manufacturing, will be carried out by SSTL. 
 
Figure 7. Previous SSTL HCN Flight Model 
developed for the QCT-200 thruster on board of 
the NovaSAR satellite. 
3.    TEST SETUP 
3.1. Test Facilities 
The performance characterization of the Halo-EM30 
thruster was carried out in the Daedalus vacuum 
chamber at the Surrey Space Centre. The facility 
has an inner diameter of 1.5 m and a length of 2.5 
m and is equipped with both a turbomolecular pump 
and a cryogenic pump which can be run in parallel 
to provide an overall pumping capacity of 12000 l/s 
(nominal for air). A background pressure of 7 – 9 ∙ 
10-7 Torr is achieved without flow injection. The 
pressure range with mass flow injection is 1 – 1.6 ∙ 
10-4 Torr for an input xenon flow of 4 – 6 sccm. 
The tests on the Halo-EM50 thruster described in 
this paper were performed in the main vacuum 
chamber at the David Fearn Electric Propulsion 
Laboratory (DFEPL), University of Southampton. 
The chamber presents a diameter of 2 m and a 
length of 4.5 m and the pumping system is based 
on two turbomolecular pumps and a cryogenic 
panel. The base pressure without flow injection is 
within the 1 – 3 ∙ 10-7 Torr range. The chamber 
pressure rises to the 0.5 – 5.5 ∙ 10-5 Torr for an input 
xenon flow of 5 – 40 sccm. 
3.2. Thrust Balance 
The SSC thrust stand takes the form of a pendulum-
type configuration in which the propulsion system is 
suspended on a movable platform supported by 
metallic flexures. The thrust generated by the 
propulsion system causes a displacement of the 
movable platform measured using a Micro-Epsilon 
ILD 1700-2 laser sensor, with a resolution of 0.1μm. 
Calibration is performed in vacuum conditions with 
the thruster mounted on the thrust balance so that 
the stiffness of the cables and gas feed lines are 
accounted for when calculating the equivalent 
stiffness of the system. Multiple calibration force 
values are applied to the balance using a calibration 
mass which is moved horizontally using a stepper 
motor and a pulley system. The calibration forces 
applied to the platform are used in conjunction with 
the displacements measured by the laser to 
determine the calibration factor. The uncertainty of 
the resulting calibration factor is determined using a 
Monte Carlo simulation. The Monte Carlo simulation 
consists of a large number of trials, in which the 
variables involved in the force model for the 
measurement or calibration process are generated 
randomly within their individual probability 
distribution functions (PDF). Typical resulting 
percentage uncertainty is within a 15% interval. 
Calibration is performed multiple times during the 
test campaign, in both cold and hot conditions. 
Additional details on the balance can be found in 
previous publications [17, 18]. 
4.    THRUSTER PERFORMANCE 
This section presents an overview of a reduced set 
of data collected during the performance 
characterizations of the Halo-EM50 and Halo-EM30 
thrusters. All the measurements reported in this 
paper are obtained for the thrusters and hollow 
cathode operated on xenon. 
Fig. 8 to 11 illustrate the operational envelopes and 
performance metrics for the Halo-EM50 thruster 
collected at DFEPL, University of Southampton. An 
extensive description of the experimental campaign 
is provided in [19], including the full set of collected 
data. The nominal I - V characteristics, displayed in 
Fig. 8, demonstrate a similar behaviour to that of a 
HET. The discharge current reaches a peak with 
increasing discharge voltage before stabilizing to a 
plateau, around which performance is optimized 
due to maximum propellant and current utilization at 
a given operating condition. 
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Figure 8. Halo-EM50 current-voltage characteristic 
curves from experimental campaign at DFEPL, for 
four xenon anode flow rates and three coil 
currents. Lines of constant power are displayed for 
reference, in 100 W increments from 100 to 800 W 
[19].
Figure 9. Halo-EM50 measured thrust as a 
function of discharge (anode) power, for four 
xenon anode flows. A least squares linear fit to the 
data gives an estimated power-to-thrust ratio of 35 
W/mN [19]. 
The thrust-versus-power profile, shown in Fig. 9, 
demonstrates an approximately linear relationship 
between thrust and power, with an average thrust-
to-power ratio of around 29 mN/kW (or about 35 
W/mN) for all the flow rates surveyed. The peculiar 
thrust-versus-power trend results in greater rates of 
increase in specific impulse and anode thrust 
efficiency with power at lower anode flow rates, as 
represented in Fig. 10 and 11, respectively. In these 
latest figures, predictions for specific impulse and 
efficiency given the value of 35 W/mN are plotted for 
each mass flow rate as a reference. For a given flow 
rate, specific impulse and thrust efficiency increase 
linearly. The specific impulse is greatest at low flow 
rates characterized by higher operating voltages, 
reaching 1450 s and 1550 s with 5 sccm and 10 
sccm anode flow rates with anode voltage above 
300 V. At these operating conditions, peak anode 
thrust efficiency reaches around 23-24%. This might 
be explained by a reduction in wall losses and 
electron cross-field transport as the anode flow rate 
is decreased. 
Figure 10. Halo-EM50 anode specific impulse as a 
function of the discharge power for four xenon 
anode flow rates. Estimates for each anode flow 
rate condition, given a 35 W/mN power-to-thrust 
ratio, are plotted in the figure as a reference [19]. 
 
Figure 11. Halo-EM50 anode thrust efficiency as a 
function of the discharge power for four xenon 
anode flow rates. Estimates for each anode flow 
rate condition, given a 35 W/mN power-to-thrust 
ratio, are plotted in the figure as a reference [19]. 
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The test campaign of the Halo-EM30 thruster has 
been carried out in the Daedalus vacuum chamber 
at the Surrey Space Centre. 
 
Figure 12. Halo-EM30 during testing at the Surrey 
Space Centre Electric Propulsion Laboratory. 
Fig. 13 illustrates the thrust as a function of the 
anode power. We can observe, as expected, an 
increasing trend; however the thrust-to-power ratio 
is dependent on the mass flow and is no longer 
constant as in the case of the Halo-EM50. For the 
two sets of data shown in the figure, collected for 
anode mass flow rates of 4 sccm and 6 sccm, the 
thrust-to-power ratio ranges within the interval 20-
32 mN/kW.  
Figure 13. Halo-EM30 measured thrust as a 
function of discharge (anode) power, for two xenon 
anode flows. 
This different behaviour affects the specific impulse 
and anode thrust efficiency profiles, shown in Fig. 
14 and 15, respectively. In the case of the Halo-
EM30, peak specific impulse values of about 1400 
s and 1500 s have been recorded for the 4 sccm 
and 6 sccm cases. Maximum resulting anode 
efficiency is about 15-17%.  
 
Figure 14. Halo-EM30 anode specific impulse as a 
function of the discharge power for two xenon 
anode flow rates. 
 
Figure 15. Halo-EM30 thrust efficiency as a 
function of the discharge power for two xenon 
anode flow rates. 
Experimental activities to optimize the magnetic 
field topology of the Halo-EM30 are still ongoing and 
have, so far, enhanced the anode efficiency to 22-
23% with a specific impulse above 1500 s, 
operating the thruster in the 100 – 250 W anode 
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power range. These additional data will be 
disclosed in future publications.  
Finally, magnetic field sweeps in both the Halo-
EM50 and Halo-EM30 test campaigns have 
demonstrated an improvement of all metrics of 
performance with increasing magnetic field strength 
for all flow rates, suggesting an increase of 
propellant and current utilization through enhanced 
electron confinement in E x B drifts.  
5.    PLASMA CHARACTERIZATION 
The characterization of the plasma properties is 
essential in order to reveal the basic underlying 
physics governing ionization and acceleration within 
the thruster, and provide direction for future 
development of the device. A translating Langmuir 
probe was used to map trends in electron 
temperature, plasma potential and plasma density 
across the Halo-EM50 thruster discharge channel 
[19]. A typical measured plasma potential 
distribution is displayed in Fig. 16. There is a strong 
radial component of the electric field, with the 
potential decreasing from the outer radius to the 
centre line of the thruster. This means that ions 
produced near the anode are accelerated away 
from the discharge channel walls, resulting in ion 
beams converging on the central axis. The reduced 
magnetic field strength around the halo appears to 
allow a region of high potential to extend from the 
anode further towards the cylindrical part of the 
channel along the channel outer radius. The halo 
appears to form a path of low resistance for electron 
axial transport to the anode; in this region the 
plasma potential is close to the anode voltage at the 
anode outer radius (near the halo), but is around 20 
V below the anode voltage at the anode inner 
radius, where there is a strong radial magnetic field 
barrier. 
 
Figure 16. Plasma potential map in the channel of 
the Halo-EM50 thruster [19]. 
Fig. 17 illustrates the measured electron 
temperature across the discharge channel. Electron 
temperature ought to be greatest where potential 
drops are observed, as the presence of a sustained 
electric field induces a closed-loop E x B electron 
drift and associated Joule heating. The map shows 
that electron temperature appears to be highest 
(around 10-14 eV) in the outer radial region 
characterized by an intense electrostatic potential 
gradient, and lowest (around 8-10 eV) in the centre 
of the discharge channel and at the channel exit, 
where the plasma potential is approximately 
constant. Strong magnetic fields parallel to the 
probe can lead to overestimates in Te, since, in this 
case, only electrons in the energetic tail of the EEDF 
contribute to the current. In a region along the 
discharge channel outer wall, where the parallel 
magnetic field is around 400 G (giving a gyroradius 
of 0.3 mm for 10 eV electrons, still several times 
larger than the probe radius, and potentially 
comparable to the size of the sheath in this low 
density region), the electron temperature reaches a 
distinct local maximum. The maximum apparent 
error that might be explained by such an effect is an 
overestimate of around a few eV. However, a similar 
increase in temperature is not observed to the same 
degree on the thruster axis, where the magnetic 
field strength parallel to the probe is almost twice 
that at the channel walls; this suggests that the 
observed increase in electron temperature near the 
channel wall is genuine. 
Figure 17. Electron temperature map in the 
channel of the Halo-EM50 thruster [19]. 
Fig. 18 shows measured ion density across the 
channel. Density in the annular part of the channel 
and near the channel walls is relatively low (order 
1017 m-3) compared to density in the cylindrical part 
of the channel and near the central axis (order 1018 
m-3). The presence of a high density plasma on the 
central axis is corroborated by the results of other 
preliminary experiments [12], as well as 
observations of bright blue plasma in the centre of 
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the discharge channel during operation using 
Krypton. 
 
Figure 18. Plasma density map in the channel of 
the Halo-EM50 thruster [19]. 
6.    CONCLUSION 
The current Halo thruster research and 
development activities are performed in the frame of 
a broader roadmap of progressive TRL rise of the 
propulsion system. The activities comprise multiple 
tasks: physical investigation, performance 
optimization and propulsion engineering with the 
target development of a thruster working in the low-
power range (200 W maximum). 
Extensive test campaigns on different laboratory 
models have demonstrated that the device, in its 
current form, shows the following propulsive 
performance when operated in the low-power range 
(few hundreds of Watt): thrust-to-power ratio of 
about 30 mN/kW, anode specific impulse up to 1500 
s and anode thrust efficiency up to 23-24%.  
Plasma probe measurements have mapped the 
main plasma properties within the thruster 
discharge channel unveiling the distributions of 
plasma potential, electron temperature and plasma 
density and their correlation to the thruster 
underlying physics. 
The design of an advanced Engineering Model (EM) 
is an ongoing activity at SSTL; this model will be 
tested together with a tailored hollow cathode 
neutralizer sized through a newly-implemented 
plasma simulation tool. The EM will be 
manufactured, tested and further optimized in the 
upcoming months. 
 
 
7.    ACKNOWLEDGEMENTS 
The Halo thruster research and development 
activities are supported by Airbus DS and the UK 
Space Agency under the “Development of a Halo-
200 Electric Propulsion System” project. 
8.    REFERENCES 
1. Goebel, D.M., & Katz, I. (2008). Fundamentals of 
Electric Propulsion: Ion and Hall Thrusters. 
John Wiley & Sons, 1-13. 
2. Oleson, S., & Sankovic, J.M., (1998). Electric 
Propulsion for Low Earth Orbit 
Constellations. In 1998 JANNAF Propulsion 
Meeting, Cleveland, Ohio. 
3. Zhurin, V.V., Kaufman, H.R., & Robinson, R.S. 
(1999). Physics of Closed Drift Thrusters. 
Plasma Sources Science and Technology, 
8(1), R1.  
4. Raitses, Y., & Fisch, N.J. (2001). Parametric 
Investigations of a Nonconventional Hall 
Thruster. Physics of Plasmas, 8(5), 2579-
2586.  
5. Raitses. Y., Smirnov, A., & Fisch, N.J. (2006). 
Cylindrical Hall Thrusters. In Proceedings 
of the 37th AIAA Plasmadynamics and 
Lasers Conference, San Francisco, 
California. 
6. Kornfeld, G., Koch, N., & Harmann, H.P. (2004). 
New Performance and Reliability Results of 
the Thales HEMP Thruster. In Proceedings 
of the 4th International Spacecraft 
Propulsion Conference, Sardinia, Italy. 
7. Koch, N., Harmann, H.P., & Kornfeld, G. (2005). 
Development and Test Status of the 
THALES High Efficiency Multistage Plasma 
(HEMP) Thruster Family. In Proceedings of 
the 29th International Electric Propulsion 
Conference, Princeton, NJ. 
8. Kornfeld, G., Koch, N., & Harmann, H.P. (2007). 
Physics and Evolution of HEMP-Thrusters. 
In Proceedings of the 30th International 
Electric Propulsion Conference, Florence, 
Italy. 
9. Courtney, D.G., & Martinez-Sanchez, M. (2007). 
Diverging Cusped-Field Hall Thruster 
(DCHT). In Proceedings of the 30th 
International Electric Propulsion 
Conference, Florence, Italy. 
10. Courtney, D.G., (2008). Development and 
Characterization of a Diverging Cusped 
 9 
 
Field Thruster and a Lanthanum 
Hexaboride Hollow Cathode. MSc Thesis, 
Massachusetts Institute of Technology. 
11. Fabris, A. L., Young, C. V., Manente, M., 
Pavarin, D., Cappelli, M. A. (2015). Ion 
velocimetry measurements and particle-in-
cell simulation of a cylindrical cusped 
plasma accelerator. IEEE transactions on 
plasma science, 43(1), 54-63. 
12. Wantock, T., & Knoll, A.K. (2016). Measurement 
of Plasma Parameters within the Discharge 
Channel of a Halo Thruster. In Proceedings 
of the Space Propulsion 2016 Conference, 
Rome, Italy. 
13. Ryan, C., Wantock, T., Harle, T., & Knoll, A.K. 
(2016). Performance Characterization of 
the Low-Power Halo Electric Propulsion 
System. American Institute of Aeronautics 
and Astronautics Journal of Propulsion and 
Power, 32(6), 1544-1549. 
14. Pedrini, D., Albertoni, R., Paganucci, F., 
Andrenucci, M. (2015). Theoretical model 
of a lanthanum hexaboride hollow 
cathode. IEEE Transactions on Plasma 
Science, 43(1), 209-217. 
15. Albertoni, R., Pedrini, D., Paganucci, F., 
Andrenucci, M. (2013). A reduced-order 
model for thermionic hollow cathodes. IEEE 
Transactions on Plasma Science, 41(7), 
1731-1745. 
16. Coletti, M., Gabriel, S. B. (2010). Barium Oxide 
Depletion from Hollow-Cathode Inserts: 
Modeling and Comparison with 
Experiments. Journal of Propulsion and 
Power, 26(2), 364-369. 
17. Fabris, A., Knoll, A., K. Dannenmayer, K., 
Schönherr, T., Potterton, T., Lane, O., 
Bianco, P., Gonzalez del Amo, J. (2016). 
An Interlaboratory Comparison of Thrust 
Measurements for a 200W Quad 
Confinement Thruster. In Proceedings of 
the 2016 Space Propulsion Conference, 
Rome, Italy. 
18. Fabris, A. L., Knoll, A., Dannenmayer, K., 
Schönherr, T., Potterton, T., Bianco, P. 
(2017). Vacuum Facility Effects on Quad 
Confinement Thruster Testing. 
In Proceedings of the 35th International 
Electric Propulsion Conference, Florence, 
Italy. 
19. Wantock, T. (2017). Thrust Balance 
Performance Characterisation and Internal 
Langmuir Probe Plasma Diagnostics for a 
Halo Thruster. PhD Thesis, Surrey Space 
Centre, University of Surrey. 
 
 
 
 
 
 
 
